Abnormal composition and function of high-density lipoproteins in atopic dermatitis patients
To the Editor, High-density lipoprotein (HDL) is conserved and present in most species, suggesting an important biological role from an evolutionary standpoint. HDL suppresses the activation of immune cells, 1 including eosinophils. 2 Despite the evidence indicating that HDL is an important modulator of the immune response, not much is known about the role of HDL in human atopic diseases. Moreover, there is no information available whether allergy alters HDL composition and function.
In the present study, we isolated HDL from atopic dermatitis (AD) patients and control subjects and used mass spectrometry and biochemical analysis as well as cell-based assays for detailed compositional and functional characterization. Methods and clinical characteristics of study subjects can be found in this article′s Data S1.
Strikingly, we identified complex alterations in the composition of AD-HDL when compared to control HDL ( Figure 1 ). As expected, the most abundant HDL protein was apolipoprotein (apo) A-I (Figure 1A) . AD-HDL was enriched in apoA-II (+12%, P = 0.0484) and the acute-phase protein serum amyloid A (SAA) (+114%, P = 0.0250) when compared to control HDL, suggesting low-grade inflammation ( Figure 1B,F) . However, median C-reactive protein levels of AD patients were in the normal range (Table S1) , suggesting only minimal inflammation. Of particular interest, levels of AD-HDL-associated apoC-III (−70%, P < 0.0001) and apoE (−39%, P = 0.0014) were markedly decreased ( Figure 1D ,E), which appears to be unique, and were not reported in other disease states including psoriasis, an inflammatory skin disease. 3 In good agreement with our results, a previous study demonstrated that the proteomic blood signature of AD is largely different from psoriasis. 4 HDL-associated apoA-I and apoC-II contents were not altered in AD patients ( Figure 1A ,C).
In addition, we observed striking low contents of HDL-associated cholesteryl esters (−42%, P < 0.0001) ( Figure 1G ), free cholesterol (−45%, P = 0.0032) ( Figure 1H ), and lysophosphatidylcholine (LPC) (−39%, P < 0.0001) ( Figure 1K ). Moreover, AD-HDL-associated low abundant lipid species including phosphatidylethanolamine (−12%, P = 0.0093) ( Figure 1M ) and phosphatidylinositol differed (+36%, P = 0.0196) ( Figure 1N ), whereas contents of phosphatidylcholine, triglycerides, and sphingomyelin were not altered ( Figure 1I ,J,L). A detailed analysis of all analyzed lipid subspecies can be found in the Data S1 ( Figure S1 ). Interestingly, this profoundly altered lipid composition of AD-HDL is not seen in other disease states. 3 Eosinophils are end-stage effector cells inducing tissue damage in the inflammatory infiltrate within the dermis of AD patients. 5 Isolated human eosinophils are suitable to conduct reproducible functional assays to test effector responses to HDL from AD patients and controls. We had to re-isolate HDL from serum of AD patients and controls, given that storage damages HDL structure within 2 weeks. 6 Sufficient serum to re-isolate HDL was available from 16 patients and 8 controls. We pretreated eosinophils with HDL Figure S2 . An important HDLassociated anti-inflammatory enzyme is paraoxonase. 7 Paraoxonase activity of most AD-HDL samples was decreased when compared to control HDL ( Figure 2N ). Interestingly, we observed no change in the capacity of AD-HDL to mobilize cholesterol from cells when compared to control HDL ( Figure 2O ).
Prompted by the profound alterations in AD-HDL composition and function, we performed a detailed correlation analysis to determine which proteins and lipids in AD-HDL are associated with a loss of function. We observed multiple and complex associations (Table S2) . Interestingly, the HDL-triglyceride content correlated with the inhibitory activity of HDL toward agonist-induced eosinophil shape change (P = 0.039) and migration (P = 0.008). HDL-associated phospholipids and cholesteryl ester showed similar but weaker associations. SAA, an HDL-associated pro-inflammatory acute-phase protein, 3 correlated inversely with the ability to suppress agonistinduced shape change of eosinophils (P = 0.001). However, agonistinduced migration of eosinophils was not associated with SAA, suggesting that shape change and migration are affected by different components carried by HDL particles.
Other altered apolipoprotein contents in AD-HDL could play a role in allergic diseases, given that apoE is an endogenous negative regulator Moreover, AD-HDL showed reduced levels of LPC ( Figure 1K ), especially LPC 16:0 ( Figure S1 , Data S1). We could recently demonstrate that HDL enriched with LPC 16:0 potently suppresses neutrophil effector responses. 9 In agreement with our previous result, we observed that LPC 16:0 and LPC 18:0 dose-dependently suppressed eosinophil shape change and migration ( Figure 2D ,E,J,K), while LPC 18:1 was able to reduce eosinophil shape change but had no inhibitory effect on eosinophil migration ( Figure 2F ,L). ApoC-III levels were markedly decreased in AD-HDL (Fig. 1D) . Importantly, addition of recombinant apoC-III reduced shape change of eosinophils (Fig. 2M) , suggesting that the low contents of LPC and apoC-III in AD-HDL contribute to functional impairment. Further studies are needed to test whether other HDL-associated proteins and lipids also affect eosinophil function.
Of note, we did not observe an impact of current treatment on HDL composition (Table S3 ) in our study.
We acknowledge limitations to this study. Due to the laborious experiments and analyses, we had to keep the patient number rather small. Therefore, additional studies with larger cohorts are required to confirm our results.
In conclusion, we show that AD is associated with profound alterations in HDL composition linked to the formation of dysfunctional HDL. Our results suggest a novel link between HDL dysfunction and allergy and may lead to new diagnostic and therapeutic approaches. 
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